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ABSTRACT 
There is general agreement that visual attention 
is selective. There is less agreement about the role 
played by spatial location in visual selection. Recent 
theories (e.g., feature integration and object 
identification) suggest a special role for spatial 
location. The present study tested a prediction 
derived from the hypothesis that there is a unique role 
for spatial location in the recognition of visual 
stimuli. The procedure involved priming locations for 
specific colors. Subjects were presented a colored 
prime at one of four possible locations. After an SOA 
of 150 msec, a colored target letter appeared at the 
primed location. The target either matched or 
mismatched the prime in color. Subjects pressed a key 
to identify the target letter. The results indicated 
that response latency was not facilitated when targets 
matched their primes in color. Thus, no evidence of 
color-at-location priming was obtained. 
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INTRODUCTION 
One active area of attention research is visual 
selective attention. A main issue, in its simplest 
form, is how does attention select an object in visual 
space for identification? Specifically, what is the 
role played by stimulus location? The role of location 
is attracting considerable interest (e.g., Duncan, 
1981, 1984; Eriksen & Hoffman, 1973; LaBerge & Brown, 
1989; Nissen, 1985; Treisman & Gelade, 1980; Treisman & 
Sato, 1990; Tsal, 1983; Tsal & Lavie, 1988). 
Researchers are generally divided between two points of 
view: 1) those that view location as a unique factor 
in and of itself (e.g., Posner, Snyder, & Davidson, 
1980) and 2) those that view location as just another 
selection criterion without any special significance 
(e.g., Duncan, 1981). 
mrlY fividençQ 
Traditional theorists do not ascribe a special 
role to stimulus location. Selection was conceived of 
as the result of a mechanism that admitted relevant 
information into a limited capacity channel (Broadbent, 
1958), or that activated internal memory structures 
(LaBerge, 1975). Early selection studies using partial 
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report methods (e.g., von Wright, 1968, 1970, 1972) 
supported this traditional view. They demonstrated 
that stimulus selection could be accomplished by using 
simple physical features such as color and location as 
selection cues (von Wright, 1972). 
Recent Evidence 
Moving attention Considerable recent research 
has accumulated that does support a special role for 
location in moving attention. Recent studies suggest 
that location provides attention with a place to move. 
A good example of this type of study is that of Eriksen 
& Hoffman (1973) who presented subjects with a circular 
display of 12 letters. The location of the target 
letter was precued by a line marker. The marker 
bisected an imaginary circle surrounding the target 
display and appeared just peripheral to the target 
letter. The interval between onset of the cue and 
onset of the target, stimulus onset asynchrony (SOA), 
was varied from 0 to 350 msec. Subjects pressed a key 
to identify the target letter. Results showed that 
response latencies decreased as SOA increased, and that 
disruptive effects of non-target letters located 
farthest from the target decreased as SOA increased. 
By way of explanation, the authors proposed a spotlight 
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model of attention. The spotlight moves, in response 
to the precue, to the cued location. Stimulus items 
encompassed by the spotlight beam receive enhanced 
processing. 
Tsal and Lavie (1988) reported that the movement 
of attention to the location of targets to be reported 
or identified is the natural and default operation of 
the processing system. They presented subjects with a 
circular array of three green, three red, and three 
brown letters. Subjects reported first a single letter 
specified by color and then reported any other letters 
they could identify. The authors found that the 
additional letters reported all tended to be spatially 
adjacent to the letter reported first, regardless of 
their color. These data conformed to the spotlight 
model of attention, i.e., selective processing of 
targets specified by color is accomplished by moving 
the attentional beam to the target's location. 
Feature integration theory Treisman and Gelade 
(1980) designated a special role for location in 
feature integration theory. The theory states that 
features are analyzed preattentively and in parallel 
without their locations being perceived. In order to 
unify features into a coherent shape, attention must be 
directed to a specific location. Attention is the 
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"glue" that binds features together into objects. In 
support of this hypothesis, they reported that targets 
distinguished by a single feature are identified at 
above chance levels even though their locations cannot 
be correctly identified. On the other hand, targets 
distinguished by a conjunction of different types of 
features (e.g., color and shape) cannot be identified 
correctly unless their locations can also be 
identified. 
The concept of visual maps plays an important role 
in feature integration theory. Visual maps are 
psychological in nature and register both feature and 
location information (Treisman & Sato, 1990). Although 
the maps are purely psychological they appear to have a 
corresponding neurological basis. Findings from visual 
neurophysiology show that there are several visual 
areas in the posterior cortex (e.g., areas VI and V2) 
that are differentially sensitive to different visual 
properties such as line orientation (Cowey, 1982). 
Feature integration theory suggests that the spatial 
layout of colors in a visual display is registered in 
separate color maps and the spatial layout of shapes 
(e.g., orientation and spatial frequency) is registered 
in separate shape maps. Localization is necessary to 
combine the features at the separate map locations. 
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Thus, in order to report the shape of a red item in a 
display, it would be necessary to direct attention to 
its location on a master location map and then to 
combine the features from the shape maps and color maps 
at that location. 
Nissen (1985) provided support for feature 
integration theory. Specifically, she tested the 
proposition that color and shape are registered in 
separate maps. Subjects were presented with a circle, 
a square, a triangle, and a diamond; the colors of the 
shapes were red, green, blue, and black. The shapes 
and colors were combined randomly for a total of 64 
different stimuli. When the information contained in a 
single map is sufficient for the task, the shape and 
color dimensions are independent. For example, if 
subjects were cued for location, they might be required 
to report the color that appeared at that location. If 
they were cued by color they might be required to 
report the location of the shape of that color. 
Subjects selecting by color and reporting location were 
as accurate as subjects selecting by location and 
reporting color. 
When information from separate maps had to be 
integrated, however, the information in each map lost 
its independence. For example, if the subjects were 
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cued for location, they might be required to report 
both the color and shape that appeared at the cued 
location. If the subjects were cued for color, they 
might be required to report the location and shape of 
the cued color. When subjects were required to report 
the shape and location of an item cued by its color, 
the accuracy of shape judgments depended on the 
accuracy of locating the cued color. When subjects 
were required to report the shape and color of an item 
cued by its location, the accuracy of shape judgments 
depended on accuracy of color judgments. Hence, for 
feature integration theory, attention is the mechanism 
that conjoins features located at similar locations on 
separate feature maps. 
A basic assumption of original feature integration 
theory (Treisman & Gelade, 1980) is that features are 
analyzed in parallel without the need for focused 
attention while conjunctions are searched one at a time 
by a limited capacity mechanism. Recent evidence, 
however, points out exceptions to these assumptions. 
Nakayama & Silverman (1986) found parallel analysis for 
each pairing of binocular disparity, spatial frequency, 
size, color, and direction of contrast, provided the 
two values on each dimension were highly discriminable 
(e.g., bright red and green patches, motion oscillating 
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vertically vs. horizontally, black vs. white on a gray 
background). McLeod, Driver, and Crisp (1988) found 
parallel processing for conjunctions of shape with 
direction of movement. Wolfe, Cave, and Franzel (1989) 
found no evidence of serial search for conjunctions of 
highly discriminable sizes, orientations (horizontal 
and vertical bars), shapes (plus signs and circles); 
and colors (red and green). 
Since feature integration theory predicts that 
conjunctions must be searched for in series, the above 
findings pose a challenge to the original conceptions 
of the theory. Treisman and Sato (1990) proposed an 
amended theory to account for the new findings. 
Feature maps and a master location map are retained 
with the proviso that nontarget feature locations on 
one or more feature maps may inhibit nontarget 
locations on the master map. The inhibition 
effectively removes those features from the search and 
the remaining feature of the conjunction is then 
searched in parallel. At the extreme, with 
sufficiently distinct and separable features, it might 
eliminate the activity generated in the master map by 
distractor elements, allowing the target to be seen 
equally well whatever the display size. 
Object identification theorv LaBerge and Brown 
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(1989) describe a model of how attention and location 
are involved in object identification as illustrated in 
Figure 1. A feature register, a filter, a position 
analyzer, and a shape identifier make up four 
components involved in shape identification. A 
stimulus ensemble enters the system at the feature 
register. As do the feature maps in feature 
integration theory, the feature register indexes the 
features by location. Thus, both stimulus features and 
their locations are represented. Feature information 
is output to the shape identifier in the form of wholes 
or shapes; the inputs to the shape identifier are 
identified by comparing them to stored representations. 
The shape identifier can identify only one shape at a 
time. Consequently, a filter mechanism is needed to 
regulate the flow of information from the feature 
register to the shape identifier. 
The filter consists of two main parts, a 
spatiotopic map and a spatiotopic structure. The 
spatiotopic map codes the locations of the features 
that are located in the feature register and is linked 
topographically with the pathways that connect the 
feature register with the shape identifier. The 
spatiotopic structure opens to form a channel between 
the filter and the pathway connecting the feature 
Figure 1. Illustration of LaBerge and Brown (1989) 
object identification theory. 
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register to the shape identifier. This occurs when the 
combined location information from the feature register 
and position analyzer reaches a high enough rate at the 
corresponding filter location. The position analyzer 
receives instructions from higher order processes that 
direct it to select a specific location within the 
spatiotopic map. Thus, when the rate of flow of 
information from the feature register and position 
analyzer to the filter reaches a critical level, the 
filter opens a channel and feature information flows 
from the feature register to the shape identifier. At 
the same time, the filter inhibits channels at other 
locations. Object identification, therefore, is the 
product of both location and feature information. 
Location priming More recent evidence 
supporting the unique role of spatial location in the 
identification of objects is a study by Tepin and Dark 
(1991) examining the effects of expectancy on 
abrupt-onset peripheral cues. They manipulated 
subjects' expectancies by varying the probability that 
a precue would correctly predict one of two possible 
target letter locations. Two groups were tested with 
different relationships between the cue and target 
locations. A cue's validity was determined by how well 
it predicted the target location and not by whether it 
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appeared adjacent to the target. Near cues appeared 
adjacent to the target location and far cues appeared 
opposite from the target location. An 80-20 group 
received cue types intermixed with 80% of the 
peripheral cues near. A 20-80 group received cue types 
intermixed with 20% of the peripheral cues near. Thus, 
valid cues (i.e., correctly predicted target location) 
could appear near the target location (80-20 group) or 
opposite from the target location (20-80 group). 
Subjects were required to press a key to identify the 
target letter (T or H). 
Although valid cues were helpful regardless of 
location, cues occurring adjacent to the target 
location facilitated reaction time to identify the 
target even when the cues were invalid (i.e., did not 
correctly predict the target location). Tepin and Dark 
(1991) proposed a mechanism called location priming to 
account for the results. Location priming may best be 
understood as a modification to the attentional theory 
of Yantis and Jonides (1990). Yantis and Jonides 
proposed that abrupt-onset cues provide information 
about where limited-capacity resources should be 
directed. One mechanism detects the abrupt-onset and a 
second mechanism signals the visual system to allocate 
attention to the location of the cue. Tepin and Dark 
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(1991) proposed that the first mechanism actually 
performs two separable functions: detection and 
determination of where resources should be allocated. 
The detection function signals the system that a prime 
has occurred while the determination function instructs 
the system on where to allocate resources. 
The detection function operates automatically and 
can be conceptualized as a type of location priming. 
Location priming is an increased sensitivity to stimuli 
that appear in a cued location. It occurs within the 
sensory system and does not draw upon the 
limited-capacity attentional system. Location priming 
can account for the benefit found for invalid-near 
cues. 
The determination function is not automatic. It 
is programmable according to the task demands. 
Allocating attentional resources to the location of the 
cue is likely a top-down default operation, but it can 
be intentionally modified (cf. Lambert, Mohindra, & 
Spencer, 1987). When the system expects the target at 
other than the cued location, it is programmed by the 
determination function to direct attention to the 
noncued (as compared to the cued) location. Thus, 
peripheral cues operate through both automatic and 
strategic mechanisms (i.e., top-down processing). 
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Foundations of Location Priming 
The research reviewed above strongly suggests a 
special role for location in visual selection. As well 
as providing a selection criterion and a location to 
which attention may move, location primes may also 
function through a mechanism known as location priming. 
As will be described, both feature integration and 
object identification theories shed light on possible 
sources of location priming. The two theories account 
for location priming equally well so that neither 
theory is more strongly supported by the phenomenon. 
Before describing the theoretical accounts, however, 
some intriguing neurological evidence will be 
presented. 
Neurological evidence LaBerge & Brown (1989) 
offer an analysis of the physiological correlates of 
their theory and perhaps of location priming. The 
feature register may be represented by areas VI and V2 
of the striate cortex. One example of feature 
registration is given by DeYoe, Knierim, Sagi, Julesz, 
and Van Essen (1986). They presented macaque monkeys 
with oriented line segments in and around the receptive 
fields of single cells in areas VI and V2. When the 
orientation of two line segments presented to the 
center and surround area of the receptive field were 
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the same, the firing rate of the cell was suppressed. 
When the orientation of the lines in the surround were 
orthogonal to the orientation of the line in the 
center, there was little or no suppression of the 
firing rate of the neuron. 
The striate area projects to the inferotemporal 
lobe where cells have been found to fire selectively to 
visual shapes such as colored rectangles, monkey paws, 
and faces (Desimone, Albright, Gross, & Bruce, 1984). 
This area may correspond to the shape identifier 
(LaBerge & Brown, 1989). In the human brain, recent 
evidence from PETscan experiments indicates that tasks 
involving the identification of words increase blood 
flow to the cortical area near the border between the 
occipital and temporal lobes (Peterson, Fox, Posner, & 
Raichle, 1988) and may be lateralized primarily to the 
left hemisphere (Mishkin & Appenzeller, 1987). Thus, 
it appears that the brain may be organized to perform 
shape analyses in the inferotemporal lobe and feature 
analysis in areas VI and V2 of the striate cortex. 
LaBerge and Brown (1989) continue their analysis 
by suggesting that the neurological equivalent of the 
filter domain may be the thalamus. À large portion of 
the thalamus is known as the pulvinar and it has 
several nuclei. The medial pulvinar nucleus projects 
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to the inferior parietal lobule and returning 
connections have also been found. The inferior and 
lateral pulvinar nuclei have reciprocal connections 
with striate and extrastriate cortex in addition to 
projections to more than one visuotopically mapped area 
of the extrastriate cortex. The lateral pulvinar 
nucleus also connects reciprocally with the posterior 
parietal areas. The extrastriate cortical areas 
corresponding to the shape identifier project to common 
visuotopic maps or to maps that overlap in the pulvinar 
area of the thalamus. 
Surrounding the pulvinar and most of the thalamus 
is a thin shell-like structure only a few cells thick 
called the reticular nucleus. The reticular nucleus 
has properties that make it a likely candidate for a 
filter mechanism. Crick (1984) proposed that the 
firing rate of thalamocortical cells at one specific 
location can be enhanced compared to other cells in 
their immediate neighborhood. It would appear possible 
that a specific area could be momentarily set up in the 
reticular nucleus that passes the activity of fibers 
from the thalamus to cortex routed through the area and 
inhibits or blocks the activity of nuclei whose fibers 
are routed through the thalamus some distance away. 
The reticular nucleus with its inhibitory network and 
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connections with thalamic nuclei could instantiate the 
function of a filter mechanism, whereas the 
visuotopically organized subareas of the pulvinar could 
instantiate the function of the filter map. 
In neurological terms, location priming can be 
thought of as activation of the nervous pathways 
involved in the processing of information at specific 
locations, particularly, between the feature register 
and shape identifier. The prime activates neurons 
corresponding to a location in the spatiotopic map and 
any signal appearing at that location, before the 
activation dissipates, receives quicker neural 
processing. The neurological evidence is highly 
speculative, is presented here for completeness, and 
will not be considered further. 
Feature integration theory Feature integration 
theory (Treisman & Sato, 1990) may provide a 
psychological basis for location priming in the 
following way. When a prime appears in an otherwise 
blank visual field, locations on several feature maps 
are activated. For example, if the prime is a black 
underline marker, then a location is activated both on 
a black feature map and on an orientation map. A 
location on the master map of locations is also 
activated that shows where the feature boundaries are 
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located but not the particular features. When 
attention is directed to that location on the master 
map, the features are conjoined and the subject 
experiences the prime as an object located in space. 
The activation on those feature map locations and on 
the master map may persist for a period of up to about 
300 msec after prime offset. 
General location priming is the facilitation of 
processing of subsequent signals that appear at the 
same location as the prime. It is due to the residual 
activation at that location on the master map of 
locations. Any target will be processed more quickly 
regardless of its features because the activation on 
the master map does not distinguish between features. 
The activation denotes a "filled" location on the 
master map but does not distinguish which features are 
there. This process is termed general location priming 
because the effect collapses across all the different 
types of features that constitute the stimulus object. 
Object identification theorv The object 
identification theory of LaBerge and Brown (1989) is a 
second psychological theory that may account for 
location priming. It does so in the following manner. 
At the onset of a prime, location information is 
registered in the filter. At the same time, a channel 
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opens between the prime's location represented in the 
filter and the pathway between the feature register and 
the shape identifier. Notice that the opening of the 
channel is an automatic process and is due strictly to 
the appearance of the prime. It could be said that the 
occurrence of a sudden onset prime attracts attention. 
Thus, when the target appears, information about its 
location from the feature register is sent to the 
filteri The flow of location information from the 
feature register causes the filter mechanism to open 
the pathway between the feature register and shape 
identifier as illustrated in Figure 1. 
General location priming corresponds to the 
activated pathway between the feature register and 
shape identifier created by the prime. Note that 
attention is not necessary for the channel to open. 
Any subsequent target that appears at the prime's 
location, before the pathway is deactivated by the 
filter, will benefit from quicker processing. Since 
the flow of information from the feature register to 
the shape identifier is not feature specific, all 
incoming stimuli will benefit. 
Feature integration theory and object 
identification theory do an adequate job of explaining 
general location priming. In the framework of the two 
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theories, location priming can be conceived of as 
activation of a location on a master map of locations 
or as the activation of pathways between a feature 
register and shape identifier. Any subsequent signal 
that appears at the prime's location before activation 
dissipates will benefit from faster processing. It is 
an automatic stimulus-driven process in the sense that 
it operates outside of awareness and without subject 
control (Shiffrin & Schneider, 1977), 
As noted above, the extant attentional theories do 
not consider general location priming as specific to 
features. The present research questions that 
assumption by asking whether location priming can be 
sensitive to color. Before proceeding further, 
however, it is necessary to introduce three new 
concepts: 1) top-down vs. bottom-up processing, 2) 
color location priming, and 3) color-at-location 
priming. 
Top-down and bottom-up processing Top-down 
and bottom-up processing are two modes of information 
processing (Gleitman, 1986). Bottom-up processing is 
stimulus-driven and proceeds from the sense receptors, 
through various stages of increasingly complex 
analysis, to end in the highest order processing 
assumed to occur in the cerebral cortex. Top-down 
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processing begins in the cerebral cortex and is 
conceptual in nature. Expectancy is one form of 
top-down processing. For the sake of simplicity, 
stimulus-driven processes will be referred to as 
bottom-up while subject expectancies and strategies 
will be referred to as top-down processing throughout 
the paper. 
Color location priming Color location priming 
is a top-down priming process that is sensitive to 
color. For example, consider a situation in which a 
subject identifies a target on the basis of color. The 
subject could be presented three differently colored 
objects centered in visual space (i.e., a blue T, a red 
H, and a green X) and instructed to identify the blue 
object. The subject will have no trouble selecting the 
blue T from the stimulus array. It can be said that 
the location occupied by the blue T was primed for 
color by the experimenter's instruction. 
LaBerge and Brown's (1989) object identification 
theory explains top-down color location priming in the 
following manner. If a subject is told in advance the 
color of a target letter to be identified, for example 
blue, certain events occur that result in the opening 
of a channel from the filter to the pathway from the 
feature register to the shape identifier. The result 
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is an increased flow of information from the blue 
target. The events begin with priming of the color 
blue in the color analyzer (see Figure 1). The color 
analyzer receives directions from higher order 
processes. The instruction to identify the blue letter 
requires higher order processes to direct the color 
analyzer to increase the flow of location information 
from blue items in the feature register to the filter. 
The increased flow of location information from the 
blue object to the filter opens a channel in the filter 
for the blue object. The open channel enhances feature 
information flow from the feature register to the shape 
identifier. It is important to note two things about 
color location priming. Top-down color priming is not 
specific to features; all stimulus features are 
enhanced. In addition, color location priming is 
specific to location only after the stimulus appears.^ 
1. Feature integration theory can also account for 
color location priming. For clarity of exposition, 
however, the following discussion will be in terms of 
object identification theory only. 
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Color-at-location priming Color-at-location 
priming is stimulus-driven bottom-up color location 
priming that is specific to location. For example, 
consider a situation in which a subject is presented a 
colored location prime followed by a target that 
matches or mismatches the prime in color. Because the 
target occurs at the primed location, it will benefit 
from general location priming. If location priming can 
be specific to color, then the target that matches the 
prime in color should be processed more quickly than 
the target that does not match in color. 
Color-at-location priming is an automatic sensory event 
that primes a specific location for color. 
As previously mentioned, in terms of LaBerge & 
Brown, the pathways between the feature register and 
shape identifier are not considered feature specific. 
Thus, the finding of stimulus-driven color-at-location 
priming would constitute a challenge to object 
identification theory. The present experiment was 
designed to prime each of four locations for a specific 
color at a specific location. The priming was produced 
by a direct color-at-location prime. If location 
priming is specific to color, then when a prime and 
subsequent signal match in color, response latency to 
the signal should be facilitated. 
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Testing for Color-at-Location Priming 
The present experiment tested for the occurrence 
of color-at-location priming by presenting colored 
primes and target letters at specific locations. It 
also tested for the effects of top-down processing by 
varying the proportion of prime and target color 
matches between groups. Subjects were presented a 
green, red, purple, blue or white prime (a filled 
circle) to the right, above, to the left, below, or at 
a centrally located fixation point. Then, after an SOA 
of 150 msec, a green, red, purple or blue target letter 
appeared to the right, above, to the left, or below the 
fixation point. The subject's task was to identify the 
target via a keypress. Both valid (peripheral) and 
neutral (central) primes were presented. Valid primes 
always appeared just peripheral to the target location. 
Neutral primes consisted of a filled circle appearing 
at the point of fixation and always matched the color 
of the targets. 
Expectancy (top-down processing) Was manipulated 
across three groups. One group (25% color match group) 
was able to apply the least top-down processing, a 
second group (50% color match) was able to apply 
significantly more, while a third (80% color match) 
group was able to apply the most. The 25% group 
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allowed the least amount of top-down processing by 
presenting prime and target color matches on 1/4 of the 
valid trials. The 50% group was allowed more top-down 
processing opportunity by matching prime and target 
colors on 1/2 of the valid trials. The 80% group 
allowed the most top-down processing by presenting 
prime and target color matches on 80% of the valid 
trials. Subjects were given instructions indicating 
that the prime and target colors would match on most 
valid trials. 
It should be noted that the top-down processing 
allowed in a group was not essential to performing the 
task. It is possible that higher order processes would 
determine that, since the color information was not 
germane to the task, it would not be utilized in 
performance. It is important to keep in mind that the 
present experimental procedure permitted bottom-up 
color-at-location priming with or without a top-down 
component. Higher order processes could augment the 
pattern, but the effect could theoretically occur 
without them. 
The present experiment tested several predictions. 
The first was that valid primes should facilitate 
response latency compared to neutral primes. Such a 
result would replicate a standard finding in the 
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literature that location primes are especially 
effective in directing attention. Such a result would 
would also suggest that target locations were being 
primed effectively, ensuring the opportunity for 
color-at-location priming. The second prediction was 
that response latency to valid trials containing prime 
and target color matches would be facilitated in 
comparison to prime and target mismatches. Such a 
result would be indicative of color-at-location 
priming. The third prediction was that the benefit for 
valid trials containing prime and target color matches, 
in comparison to white prime and mismatch trials, would 
increase as proportion of color match increased from 
25% to 80%. Such a finding would suggest that 
expectancy (top-down processing) may drive an automatic 
location priming mechanism. 
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METHODS 
Subjects 
Subjects were ninety undergraduate psychology 
students who received extra credit for participating. 
Via self report, they considered themselves to have 
normal or corrected to normal vision. Thirty subjects 
were assigned to each group. 
Equipment. Stimuli. and Design 
Stimulus presentation and response collection was 
controlled by a Zenith-286 computer with an EGA 
display. The computer was programmed using Micro 
Experimental Laboratory (MEL) software (Schneider, 
1988). No device was used to maintain head fixation, 
but the subject's chair was positioned so that the 
distance between the display and the subject's eyes was 
approximately 57 cm. Subjects were seated in front of 
the computer display and read written instructions. 
They were then given the opportunity to ask any 
questions they might have (see the Appendix for the 
exact instructions). Once the instructions were 
understood, the subject initiated the experiment with a 
keypress. The task was a forced choice target 
identification (T or H). 
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Target letters were 0.5 by 0.5 cm and appeared 2.0 
cm to the right, above, to the left, or below the 
fixation cross. At the viewing distance of 57 cm, they 
subtended 0.5 by 0.5 degrees of visual angle. Primes 
were filled circles 0.5 cm in diameter and subtended 
0.5 degrees of visual angle. They appeared 2.5 cm or 
2.5 degrees of visual angle to the right, above, to the 
left, down, or at the fixation cross. Prime colors 
remained at fixed locations: the green prime appeared 
to the right, the red prime above, the purple prime to 
the left, and the blue prime down from the fixation 
point. The location of the white prime was determined 
randomly. The fixation cross was white, appeared in 
the center of the display, was 0.25 by 0.25 cm, and 
subtended 0.25 degrees of visual angle. The stimuli 
were green, red, purple, blue, or white against a black 
background. 
A limitation of MEL software prevented the 
adjustment of brightness for each color. Brightness 
levels were recorded, however, and are reported in 
Table 1. Target letters (T or H), target colors, and 
target locations were completely balanced with the 
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Table 1 
Brightness Levels of Prime and Targets in Candelas per 
Meter Squared 
Color Prime Target 
Green 0.151 0.260 
Red 0.058 0.140 
Purple 0.064 0.150 
Blue 0.048 0.130 
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order of appearance randomly determined by the 
computer. Subjects in each group received 680 trials 
with the first 136 trials as practice. Rest periods 
were provided approximately every sixty trials. 
Each trial began with the central fixation cross 
that remained illuminated for 1000 msec. Following the 
fixation cross, the prime occurred and remained on for 
150 msec. After the prime, the target letter appeared 
and remained visible for 50 msec. Subjects then 
pressed a key to identify the target letter. The 
computer sounded a short beep if the response was 
incorrect or if no response was made within 2000 msec. 
After the beep, the computer presented the next trial. 
Incorrect trials consisted of 1.76% of total trials and 
were eliminated. The number of no response trials was 
negligible and were also eliminated. 
Each of four conditions (match, mismatch, central, 
and white) were varied across three groups as follows. 
Subjects in each group were informed that prime and 
target color matches would occur on a given percent 
(25%, 50%, or 80%) of the valid"trials as indicated 
below. The percentage of trials for each condition and 
each group are presented in Table 2. 
Condition match Condition match consisted of 
trials on which the valid prime and target colors 
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Table 2 
Percentage of Total Trials as a Function of Percent 
Match and Condition 
Percent Match 
Condition 25% 50% 80% 
Match 22.0 44.1 70.6 
Mismatch 66.2 44.1 17.6 
Neutral 5.9 5.9 5.9 
White 5.9 5.9 5.9 
Total 100.0 100.0 100.0 
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matched. In the 25% group, 25% of the valid trials 
(120 trials) matched and made up 22% of total trials. 
In the 50% group, 50% of the valid trials (240 trials) 
matched and made up 44.0% of total trials. In the 80% 
group, 80% of the valid trials (384 trials) matched and 
made up 70.6% of the total number of trials in the 
condition. 
Condition mismatch Condition mismatch 
consisted of trials on which the valid prime and target 
colors mismatched. In the 25% group, 75% of the valid 
trials mismatched (360 trials) and made up 66.2% of 
total trials. In the 50% group, 50% of the valid 
trials (240 trials) mismatched and made up 44.0% of 
total trials. In the 80% group, 20% of the valid 
trials mismatched (96 trials) and made up 17.6% of 
total trials. 
Condition central Condition central presented 
a green, red, purple, or blue prime at the fixation 
location. These were control trials that provided 
color information without location information. The 
target color always matched the central prime color. 
The subjects did not know the target location in 
advance but knew that the target would match the prime 
in color. Central trials consisted of 5.9% of the 
total number of trials (32 trials) for all three 
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groups. 
Condition white Condition white consisted of 
white valid primes on 5.9% of the total number of 
trials (32 trials) for all three groups. These were 
control trials that provided location information 
without color information. White primes were 
completely balanced across locations and target letters 
with the order of presentation determined randomly by 
the computer. 
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RESULTS 
Only correct latencies between 100 and 800 msec 
are included in the analyses.^ The alpha level for all 
analyses was .05. 
Accuracy 
Subjects complied with the instructions to 
maintain a high degree of accuracy. Mean accuracy for 
color match condition (match, nonmatch, and white) and 
percent match (25%, 50%, and 80% match) are presented 
in Table 3. An analysis of variance (ANOVA) on mean 
accuracy with color match as a within-subject variable 
and percent match as a between-subject variable showed 
no reliable main effect of color match [F(2, 174) = 
0.73, MSe = 0.0002], no reliable main effect of percent 
match [£(2, 87) = 0.81, MSe = 0.0017], and no reliable 
interaction [Z(4, 174) = 0.09, MSe = 0.0002]. 
2. Experimenter error resulted in the removal of all 
trials containing right green Hs (6.0% of the total 
trials) and the removal of all upper white prime trials 
that contained the blue T target (0.18% of total 
trials). 
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Table 3 
Means and Standard Deviations for Accuracy for Color 
Match Condition and Percent of Match for Valid Trials 
Color Match Condition 
Percent Match Match Mismatch White 
M SD M SD M SD 
2 5  . 9 8 2  o
 
to
 
. 9 8 5  . 0 1  . 9 8 3  o
 
w
 
5 0  . 9 7 7  . 0 3  . 9 7 8  . 0 3  . 9 7 7  . 0 4  
8 0  . 9 8 3  . 0 2  . 9 8 7  . 0 2  . 9 8 4  o
 
W
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Mean accuracy for prime validity and percent match 
are presented in Table 4. An ANOVA on mean accuracy 
with prime validity as a within-subject variable and 
percent match as a between-subject variable showed no 
reliable main effect of prime validity [F(l, 87) = 
0.72, MSe = 0.0005], no reliable main effect of percent 
match [F(2, 87) = 1.01, MSe = 0.0010], and no reliable 
interaction [F(2, 87) = 0.41, MSe = 0.0005]. The data 
indicate that subjects found the task to be quite easy. 
It may be that a ceiling effect prevented the emergence 
of any significant effects. 
Response Latency 
Prime and target colors Mean response 
latencies and standard deviations for prime and target 
colors are presented in Table 5. An ANOVA showed 
significant main effects for prime color [F(4, 356) = 
3.26, MSe = 626.82] and target color [£(3, 267) = 4.01, 
MSe = 624.85]. The prime color by target color 
interaction was not reliable [£(12, 1068) = 1.40, MSe = 
497.00]. A Newman-Keuls test performed on the means 
for the effects of prime color and target color showed 
that green primes were responded to more quickly than 
red and and white primes, which did not differ from 
each other. Purple and blue primes did not differ from 
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Table 4 
Means and Standard Deviations for Accuracy for Prime 
Validity and Percent Match 
Valid Neutral 
Percent Match M SD M SD 
25 
50 
80 
.983 .02 
.977 .03 
.985 .02 
.978 .04 
.975 .03 
.985 .02 
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Table 5 
Means and Standard Deviations for Response Latency (in 
Milliseconds 1 as a Function of Prime and Target Color 
Target Color 
Prime Color Green Red Purple Blue 
M SD M SD M SD M SD 
Green 291 43 296 43 298 46 300 49 
Red 298 46 302 42 305 40 303 44 
Purple 300 47 300 43 297 40 301 45 
Blue 296 45 299 38 299 44 298 40 
White 297 55 304 52 297 49 308 49 
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any other primes. In addition, green targets were 
responded to more quickly than red and blue targets, 
which did not differ from each other. Purple targets 
did not differ from any of the other targets. 
Since each prime color appeared at a fixed 
location, color and location are somewhat confounded. 
There are at least two possible reasons why green 
primes were responded to more quickly: 1) Green primes 
appeared to the right of fixation and it may be that 
targets mimicking the directional effects of reading 
may benefit, 2) Green primes were also approximately 
twice as bright as the other primes ( see Table 1 ). The 
fact that green target letters were also responded to 
more quickly argues against the directional 
explanation. This is because green targets appeared at 
each location and, thus, are not confounded with 
location. The color main effects appear to be sensory 
effects due to the energy level of the green stimuli. 
Since the interaction between prime and target 
color was not significant and the main effects were 
actually quite small, the following analyses were 
collapsed across colors. 
Prime validity Mean response latencies and 
standard deviations for prime validity for each 
proportion of match are shown in Table 6. An ANOVA 
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revealed a significant main effect of validity [F(l, 
87) = 547.28, MSe = 406.55] but no effect of percent 
match [F(2, 87) = 0.819, MSe = 3577.36] an no 
interaction [F(2, 87) = 0.357, MSe = 406.55]. The 
pattern shows that performance for valid primes was 
facilitated as compared to neutral primes for all 
groups. This result is important because it shows that 
target location was effectively primed. The 
replication of a significant location effect was 
essential to the investigation of a potential 
color-at-location priming effect. 
Color match status Mean response latencies and 
standard deviations for color match condition and 
percent match are shown in Table 7. À separate ANOVA 
was performed on mean latencies for color match status 
as a within-subject variable (match, no match, and 
white prime) for each group. The 25% group was allowed 
the minimum amount of top-down processing. For this 
group, the main effect for color match was significant 
[F(2, 58) = 3.493, MSê = 204.58]. À Newman-Keuls 
comparison of the means showed that response latency to 
white primes was slower than response latency to either 
match or mismatch primes which did not differ from each 
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Table 6 
Means and Standard Deviations for Response Latency (in 
Milliseconds^ as a Function of Prime Validity and 
Percent Match 
Prime Validity 
Proportion Valid Neutral 
M SD M SD 
25 
50 
80 
307 46 
298 36 
294 38 
379 54 
367 50 
362 44 
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Table 7 
Means and Standard Deviations for Response Latency (in 
Milliseconds 1 as a Function of Color Match and Percent 
Match for Valid Primes 
Color Match 
Percent Match Match Mismatch White 
M SD M SD M SD 
25 304 44 305 43 312 
50 296 37 298 34 300 
80 294 36 296 39 294 
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other. Thus, no evidence for a color-at-location 
priming mechanism was found when the possibility for 
top-down processing was minimal. 
The white primes provided location information 
without color information. They were included as a 
baseline to evaluate possible inhibition from mismatch 
trials. The reason why white primes were responded to 
more slowly than both match and mismatch primes is 
difficult to determine. This is especially true since 
the effect was found only in this group. 
The 50% group was allowed more top-down 
processing. For this group, the main effect for color 
match was not significant [Z(2, 58) = 0.978, MSe = 
100.00]. The results for group 50% suggest that the 
subjects did not utilize the color information 
contained in the primes. 
The 80% group was allowed the greatest opportunity 
for top-down processing. The main effect for color 
match was not significant [F(2, 58) = 0.109, MSe = 
96.13], however, the results do not suggest a 
color-at-location priming mechanism for any level of 
top-down processing. This is true even under 
conditions in which the color of the prime accurately 
predicted a salient feature of the target, but one that 
was irrelevant to the task performance. 
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Proportion of prime and target color matches was 
manipulated between groups to asses the effects of 
top-down processing on color-at-location priming. The 
results suggest that color information, which in this 
instance was not relevant to the task, was not utilized 
by the subjects. In order to provide the most powerful 
test of the match versus mismatch difference, however, 
a final analysis was done examining the effect over the 
three groups at once. 
An ÀNOVÀ performed on mean response latency for 
color match status as a within-subject variable and 
groups as a between-subject variable showed a reliable 
main effect for color match status [E(2, 174) = 3.18, 
MSe = 127.73]. A Newman-Keuls comparison of the means 
showed that performance did not differ between matching 
and nonmatching trials which did differ from white 
trials. The results confirm the finding that white 
primes were responded to more slowly in the 25% group. 
The main effect for proportion of matching trials [F(2, 
87) = .76, MSe = 4750.58] and the two way interaction 
for proportion of matching trials by color match status 
[E(4, 174) = 1.53, MSe = 127.73] were not significant. 
In addition» the interaction between color match status 
and groups did not reach significance. 
Power was calculated for the main effect of color 
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match status across the three groups and equaled 0.44. 
The procedure had a 44% probability of detecting a true 
difference between match and mismatch trials. Although 
a collapsed analysis was done to allow the most 
powerful test, there were still no significant effects 
for color match status. 
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DISCUSSION 
Both the latency and accuracy results suggest that 
the present task was not difficult. Subjects were fast 
and the high proportion of correct responses may be 
indicative of a ceiling effect. Valid primes were 
responded to more quickly than central primes. This 
pattern replicates a standard finding in the literature 
and ensured the proper opportunity for testing the 
color-at-location hypothesis. Even so, no evidence for 
color-at-location priming was obtained. 
The small effects due to prime and target colors 
were not totally unexpected. Although the colors of 
the primes were confounded with location, the slight 
effects due to color appear to be data-driven sensory 
effects rather than top-down processes. Each prime and 
target letter was measured for energy output. Green 
primes and targets emitted approximately twice the 
amount of energy as the other three colors. Because 
the colors of the target letters were not confounded 
with location, the finding of benefit in response 
latency for green letters argues against a location 
explanation. It is likely therefore, the effects are 
due to differences in brightness between the four 
colors. 
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Previous research predicts that valid primes 
should produce shorter response latencies than neutral 
primes (e.g., Eriksen & Hoffman, 1973; Jonides, 1981). 
The latency data confirm this prediction. The 
phenomenon is robust, but there is controversy 
concerning its explanation. Explanations involving 
attention suggest that valid primes may operate by 
providing a selection criterion (Duncan, 1981) or by 
attracting attention either voluntarily or 
automatically (Jonides, 1981). The present experiment 
however, was not designed to discriminate among the 
extant attention theories. The procedure was merely 
sensitive to a well-established attentional 
manipulation required to assess the effects due to 
color-at-location priming. 
The major hypothesis tested here was that there 
would be facilitation of response latencies when prime 
and target colors matched. Such a finding would have 
indicated that color-at-location priming is a mechanism 
that operates in addition to the other mechanisms 
proposed by the standard attention theories. The 
results, however, do not confirm the color-at-location 
priming effect. Targets that matched their primes in 
color were not responded to more quickly than targets 
that did not match. Although general location priming 
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can be accounted for by current theories of attention, 
stimulus-driven color-at-location priming is not 
directly explainable in terms of either feature 
integration theory or object identification theory. 
The present failure to find color-at-location priming 
supports both theories. Apparently, if location 
information is known, then color information that is 
not relevant to the task does not produce benefit. It 
remains to be seen whether color information that is 
essential to the task would augment location 
information producing facilitation. 
The results do not indicate a reliable effect due 
to the proportion of prime and target color matches. 
Again, the strategic processing was not germane to the 
task. The findings suggest that subjects simply did 
not utilize the prime and target colors and the 
relationships between them. 
Previous research reported by Posner, Snyder, & 
Davidson (1980) attempted to prime locations for shape 
and attained a similar result. They presented subjects 
with both shape and location information at a central 
fixation point. The location information was an arrow 
pointing in the likely target location. The arrow was 
accompanied by shape information (the likely target 
letter) on one half of the trials. The subjects were 
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required to press a key in response to the onset of the 
target (a detection task). The results showed benefit 
for the location information but not for the shape 
information. Just as color information in the present 
study, the shape information was not essential to the 
task. It appears that subjects are able to disregard 
feature information not specific to the task. 
A basic tenet of this research was that stimulus 
location would play a unique role in visual selection. 
Cuing a target location in advance of target onset 
produces faster response latencies to identify the 
target. The mechanisms involved are varied and 
complex. It was proposed that a new mechanism known as 
bottom-up color-at-location priming could account for 
location priming effects. However, the expression of 
such a mechanism was not indicated by the data. It may 
be possible however, to produce color-at-location 
priming with a top-down procedure that makes color 
essential to the task. 
For example, in a hypothetical follow-up study, 
subjects in a control group would not be presented any 
specific color-at-location information. They would be 
presented a color word cue (red, green, yellow, or 
blue) followed by four target letters, one for each of 
the four colors. The cue would instruct the subject 
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which of the target letters to identify. The subject 
would identify the cued letter with a keypress. 
Identification of the cued letter would indicate color 
priming. Top-down color priming is fully and 
adequately addressed by object identification theory as 
previously explained. The question being addressed is 
not whether color can be primed for selection in 
general but rather, can color at specific locations be 
primed, prior to target onset. This condition provides 
a baseline response latency for selecting color targets 
based on color cuing. 
Other subjects in an at-location prime group would 
be presented a color-at-location prime in addition to a 
color word cue. The color of the target letters would 
remain at fixed locations on 80% of the trials. The 
locations would be primed for color directly by the 
color of the targets. The issue is whether the 
addition of color-at-location information will 
facilitate response latency as compared to the control 
group. 
The suggested experiment would test the hypothesis 
that locations can be primed for color in a top-down 
procedure. If color information is necessary for the 
task, it may be possible to combine it with location 
information to detect color-at-location priming. 
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The results of the present study were congruent 
with both feature integration theory and object 
identification theory. Stimulus-driven 
color-at-location priming is not predicted by either 
theory and it was not obtained in this paradigm. The 
findings also replicated a previous finding that 
feature information not essential to task does not aid 
performance. 
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APPENDIX 
Instructions Read by the Subjects in the 80% 
Match Condition from the Computer Display Screen 
This is an experiment designed to investigate the 
role played by attention in the perception of color. 
The results of experiments such as this one are 
important for the understanding of basic information 
processing. The findings are also used in the design 
of control panels, aircraft cockpits, and computer 
software interfaces. Please do your best in the 
experiment because the results are important and will 
be published in the scientific literature. 
The displays that you will see are made up of 
several parts. First, you will see a small cross in 
the center of the screen. This is a fixation cross and 
you are to keep your eyes fixed on the cross throughout 
the trials. It is very important that you keep your 
eyes fixed and steady at the cross. Next, you will see 
one of two possible types of cues. After the cue, a 
target letter will appear and your task is to identify 
the letter by pressing the button marked T or H for the 
appropriate letter. 
There are two types of cues that can follow the 
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fixation cross. The first is called a valid cue. It 
will appear at the target location. It is there in 
order to direct your attention to the location where 
the target will appear. Pay attention to the cue 
because it will aid you in the task. The second type 
of cue will appear in the location of the cross. It is 
a neutral cue. It does not tell you where the target 
will appear and is included as a control condition. 
The cues and target letters will be red, purple, 
blue, or green. The colors of the cues will remain 
constant at each location. On 80% of valid trials, the 
color of the target will match the color of the prime. 
For example, when the red cue appears in the upper 
position, it is most likely that a red target will 
appear at that location. The neutral primes will 
always match the targets in color. There will be some 
control trials in which the valid cue will be white. 
In summary, the experiment will proceed as 
follows: 1) a fixation cross will appear and you are 
to keep your eyes fixed on the cross, 2) a valid or 
neutral cue will appear, and then 3) a target letter 
will appear. Your task is to identify the target 
letter by pressing the appropriate key. Please respond 
quickly but maintain a high degree of accuracy. If you 
begin to make errors then slow down. If you are making 
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no errors at all then speed up just a little. This 
task is not a race to see how fast you can go. Pace 
your speed by the amount of errors you are making. 
REMEMBER!! 
1. Keep your eyes on the cross without moving them. 
2. Respond quickly but accurately. 
3. Valid trials will aid you in speed and accuracy". 
4. Take breaks when you are told in order to reduce 
eye strain. 
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